The addition of glucose in the early stage of fermentation suppressed not only avermectin production but also the activity of 6-phosphogluconate dehydrogenase in the pentose phosphate pathway. On the other hand, when glucose was added at the late stage of fermentation, suppression of avermectin formation and 6-phosphogluconate dehydrogenase activity was not observed but avermectin formation was increased and about a twofold-higher content of avermectins than that of the control fermentation was accumulated.
ODS-Hypersil-3 (3 ,um) and developed with methanol-water (85:15 [vol/vol]) at a flow rate of 0.9 ml/min in ambient conditions. The quantities of avermectins were calculated from the integration value at 246 nm using an authentic sample of avermectin Bla as a standard. The crude enzyme preparation was prepared as described by Ikeda et al. (5) . The assay for glucose kinase was done as described by Ikeda et al. (5) . Phosphofructokinase was assayed by the method described by Seno and Chater (9) , except that fructose-6phosphate was used as substrate. Glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase were assayed as described by Stowers and Elkan (10) . The assay of citrate synthase was done as described by Ochoa et al. (8) . The protein concentration of the enzyme preparation was determined by the method of Bradford (2) .
As shown in Fig. 1 , the rate of glucose consumption in the * Corresponding author. medium increased at days 2 to 3, simultaneously with the start of avermectin production. At day 5, the glucose in the medium was depleted completely, and then the rate of avermectin formation decreased. The effect of the addition of glucose on avermectin production during fermentation was then examined. Avermectin production was significantly suppressed by the addition of glucose at the early stage of fermentation without change of growth ( Fig. 1 ). It was suggested that avermectin formation during fermentation was affected by glucose metabolism. Therefore, to obtain more information about suppression, glucose metabolism in the mycelium was examined. There are two pathways for glucose metabolism in organisms. One is the Embden-Meyerhof pathway, and the other is the pentose phosphate pathway. The metabolites of glucose are further metabolized into the tricarboxylic acid cycle. Each ratelimiting enzyme activity was compared under control and glucose-suppressible conditions. As shown in Fig. 2 , the activities of glucose-6-phosphate dehydrogenase and citrate synthase were not changed under the control and glucosesuppressible conditions; however, the activity of 6-phosphogluconate dehydrogenase, which is one of the rate-limiting steps of the pentose phosphate pathway, was significantly reduced under the glucose-suppressible condition. The reduction of enzyme activity was dependent upon the amount of glucose, as was suppression of avermectin formation (Fig.  2) .
Although avermectin formation was suppressed by the addition of glucose at the early stage of fermentation, the formation rate was restored at the late stage, and simultaneously, the activity of 6-phosphogluconate dehydrogenase was also restored. Since avermectin formation was almost terminated at day 7 and the glucose' in the medium was depleted at day 5 in the case of the control fermentation ( Fig.  1) , feeding of glucose at various times was examined to obtain more information about conditions for high production. The suppression of avermectin production was observed when'glucose was added at day 1 or 3 but not when glucose was added at day 5. Furthermore, as shown in Fig.   3 , the production rate was significantly increased when glucose was added at day 5 and avermectins were produced at about 2,000 jig/ml at day 10, in contrast to 900 pLg/ml produced by a con'trol. Even when glucose was added at day 1 or 3 and avermectin production was suppressed, large amounts of avermectins were produced at a late stage of fermentation. Moreover, when high-yield strain K655, which produced about 1,200 Vag of avermectins per ml under the usual conditions, was used under the above-described conditions, about 2,500 ,ug of avermectins per ml was produced (data not shown).
Although glucose in general is metabolized rapidly by organisms, S. avermitilis assimilated glucose slowly, and glucose was the best carbon source for the high production of avermectin (data not shown). Consequently, avermectin formation continued until the glucose was depleted, suggest- FIG. 3. Effect of glucose addition on production of avermectins (AVMs) by S. avermitilis K475; Glucose was added at day 1, 3, or 5 (arrows). Symbols: 0, no glucose added; A, glucose added at day 1; O, glucose added at day 3; *, glucose added at day 5.
ing that S. avermitilis utilizes glucose as an energy source not only for primary metabolism but also for avermectin formation. Thus, glucose metabolism seems to be required for avermectin formation. Interestingly, however, the addition of glucose at an early stage of fermentation caused suppression of avermectin formation. During the period of this suppression, the growth rate was not changed so that the effect of glucose was the lesion of avermectin formation alone.
When avermectin formation was suppressed, rate-limiting enzymes of the Embden-Meyerhof pathway and tricarboxylic acid cycle, phosphofructokinase and citrate synthase, were not affected, but the activity of one of the rate-limiting enzymes of the pentose phosphate pathway, 6-phosphogluconate dehydrogenase, was decreased. Moreover, enzyme activity was almost restored when avermectin formation was increased after suppression was terminated at a late stage of fermentation.'These results indicate that the amount of glucose affects the rate of avermectin formation and activity of 6-phosphogluconate dehydrogenase in the pentose phosphate pathway. The involvement of the pentose phosphate pathway in avermectin prod'uction is not known. The pentose phosphate' pathway is known to be aerobically an NADPH-generating system, and NADPH is probably used in the formation of polyketide which is a hypothetical intermediate for biosynthesis of macrolides and tetracycline. Since we have not examined the effect of glucose on the formation of enzymes involved in avermectin biosynthesis, it is not known whether glucose affects the formation of these enzymes.
When glucose was fed at a late stage of fermentation, suppression of avermectin formation by glucose was not observed but the organism utilized glucose effectively for avermectin formation, and avermectin formation was increased and continued for 10 days. This finding is useful for high production of avermectins.
